Introduction
Milk is the natural food of the young and has been described as nature's perfect food. In a radio broadcast in 1943 Sir Winston Churchill said 'There is no finer investment for any community than putting milk into babies' [l]. It supplies a variety of essential nutrients including protein, vitamins, minerals (especially calcium), fat and carbohydrate. It is produced during lactation by alveolar epithelial cells of the breast from component precursors absorbed from adjacent blood capillaries. Unfortunately however, during this process, the epithelial cells can also acquire and secrete a variety of environmental contaminants into the milk alongside the desirable nutrients [2,3]. These include not only microbial contaminants but also a range of chemical pollutants arising from pesticides, herbicides, drugs, industrial chemicals, toxic metals and radionuclides.
These contaminants enter the milk following maternal exposure and are subsequently tial nutrient components. However, of particular concern are those chemical contaminants which are lipophilic, since these compounds accumu-late in maternal body fat over the years and can be mobilized from storage during lactation, when they are passed to the infant with the milk fat. In this way, such contaminants can be passed on to the young at several-fold higher concentrations than those actually in the diet [4] or in the blood [S] of the mother during the lactational period. Of the many organic contaminants, those which can be concentrated in this way in breast milk are the lipophilic halogenated hydrocarbons including the pesticide dichlorodiphenyltrichloroethane (DDT), and the industrial chemicals polychlorinated dibenzodioxins, polychlorinated dibenzofurans and polychlorinated biphenyls (PCBs). Table 1 gives mean values for levels of some of these contaminants where they have been measured in human milk [3] . At this time, the full implications of the transfer of such chemical contaminants via the milk remain unknown. In one of his plays, Sir George Bernard Shaw wrote 'You cannot have power for good without having power for evil too. Even mother's milk nourishes murderers as well as heroes.' [6]. This review will attempt to present current understanding of the extent to which these organochlorine contaminants carried in milk can act as 'murderers' either literally or metaphorically.
Source of contaminants
Due to the lipophilic nature of organochlorine compounds, most enter the mother's body through the consumption of animal fat. Many of these organochlorine compounds are no longer in use in the U.K. but they remain persistent in the environment and pass up through the food chain dissolved in fat. Some exposure can, however, also result from vegetarian diets. This is true for developing countries where organochlorine pesticides are still used, and also for dairy cows through the application of sewage sludge to land or from cattle feedstuffs imported from developing countries where organochlorine pesticides are still used.
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Factors influencing levels of contaminants in milk
Many studies have reported on contaminant levels in human milk in different populations and present data indicate considerable variation even from individual to individual [3,5]. A major factor influencing organochlorine levels in milk is the lipid concentration of the milk. Other factors include maternal diet, maternal occupational exposure, maternal age, maternal body weight and parity.
Since these lipophilic compounds are carried in the milk by the milk fat, levels of contaminants would be expected to correlate with fatty content of the milk; this is indeed the case [7] . In most species, lipid in the form of triacylglycerols is a major component of milk and the content (g/IOO ml) varies from 3 . 8 g in the human to 33.1 g in the polar bear [8]. Thus, Clearly maternal diet is of major importance, and this includes not only diet during the lactational period but also diet through previous life of the mother. Because these contaminants accumulate with time in body fat, a higher lifetime storage means that more will be available for mobilization during lactation. The consumption of fish has been positively correlated with levels of PCB in milk [5] . One study showed that nursing mothers in the Faroe Islands, living on a seafood diet of pilot whale meat and blubber, had exceptionally high levels of PCB (1.8-3.5 pg/g lipid) in their milk [9] . In further study, milks were pooled in groups of six and one pool was found to contain PCB77 at a level of 1380 ppt, which is reported as the highest-ever level recorded in human milk for a coplanar PCB congener [9] . Maternal occupational exposure is another route for milk contamination as is place residence; PCB levels in milk are higher in heavily populated/industrialized areas than in rural areas [ 5 ] . Closer to home, Dils showed that even nursing mothers in the Reading area had PCB levels in their milk (1200 pg total PCB/kg milk) at least 20-fold in excess of that shown to cause adverse effects in man [lo] .
Maternal age has also been shown to correlate positively with the concentration of polychlorinated organic compounds in human milk [ll] . This is not surprising since these compounds tend to accumulate in body fat during the lifetime of the mother and thus the older the mother, the greater will be the body burden of these compounds for mobilization during lactation. Correlations have also been found with maternal body weight and with parity. Clearly if the mother has less body fat, then there will be lower levels of contaminants available for mobilization. In addition, excessive weight loss during lactation can also be indicative of higher levels of organochlorines being released into milk. In terms of parity, it has been found that levels of organochlorine compounds tend to be higher in milk of the first lactational period than milk of subsequent lactational periods, and that levels can even decrease during any one lactational period [S, 113.
Dairy farmers have been aware of the problem of these contaminants for many years because dairy milk is at risk of being contaminated by a wide variety of chemical residues introduced via treatment of the cow (antibiotics, parasiticides, hormones, disinfectants), the feed, the milking environment and processing plant (disinfectants, sanitizers, microbial toxins). Good agricultural practice simply aims to minimize contaminant residues at each stage by requiring the use of minimal chemicals for adequate control. Authorities set maximum residue limits for the milk according to acceptable daily intake values in order to ensure consumer safety [Z].
Such controls are not available for human milk and human milk tends to have significantly higher levels of organochlorine residues than cow's milk. It has been written in the literature that 'pollutant chemicals are commonly found in human milk at levels that would prevent its sale as a commercial food for infants ' [12] . This relates to the fact that lactating women mobilize body fat to produce a restricted milk fat yield for a short period of time, and 8% or more of their accumulated levels of organochlorine residues are excreted in breast milk during one breastfeeding period. Also, human milk, unlike cow's milk, is not mixed with other milks before consumption which prevents any moderation of one high sample by others.
Significance to the infant
Although the infant may take in many contaminant chemicals in the milk, it is also important to estimate the extent to which they are absorbed from the digestive tract and their potential to cause systemic effects in the infant. Here again, it is the lipophilic molecules which are a major cause for concern. For dioxins, furans and PCBs, it has been found that over 90% of almost all congeners were absorbed by nursing infants [ 131. A recent study of preschool children in Holland showed that median plasma PCB levels were 3.6 times higher in breast-fed children than in their formula-fed peers [ 141 indicating some lactational transfer from mother to child. Wholeanimal studies by Dils and others have shown that the organochlorine compounds can not only pass from mother to child but can also have systemic effects in the infant [15] .
At a molecular level, lactational exposure to PCB in rats was shown to give rise to detectable alterations in gene expression in liver cells of the young [15] [20, 23] and other environmental chemicals [28] has been shown to result in reduced testicular size and reduced sperm counts in the young, which is interesting in the light of current concern about falling sperm counts in man [29] .
Significance to the mother
Mobilization of such contaminants may act to reduce the total body burden for the mother. Indeed reduction in levels of pollutant chemicals stored in the breast during lactation could provide an alternative explanation of the protective effect of breast feeding on breast cancer risk [30] . However, sudden release of such contaminants from breast adipose tissue could have local detrimental effects within the breast where cells are exposed to sudden high levels of such pollutants. It is also an intriguing idea to consider that passage of such pollutants from mother to child could provide a non-genetic mechanism for 'inherited' cancer. Since family history of human cancer can rarely be ascertained beyond a few generations, it is theoretically possible that similar lifestyles yielding high levels of pollutant chemicals in milk could be passed from mother to child over a limited number of generations.
Metabolism of contaminants
As for any foreign compounds, environmental chemicals will undergo a variety of metabolic conversions in the body, and resulting compounds found in milk can be a mixture of both parent molecules and their metabolic products. Both rate and pathway of metabolism vary not only according to the exact structure of the individual compounds but also between species, between sexes, between different age-groups and even between individuals. Within the organochlorine group of chemicals, metabolism varies considerably according to the degree and position of the chlorination. However, in general, rate of metabolism decreases with increasing degrees of halogenation [S] and it is those compounds with the lower rates of metabolism that tend to accumulate in maternal body tissues and are found in higher levels in milk. This explains why it is the organochlorine congeners with the higher degrees of halogenation that are passed into milk at the highest levels and milk may contain several-fold higher amounts of these higher halogenated hydrocarbons than in other components of the diet [5] .
Metabolic fates of many of these organochlorine xenobiotics begin with hydroxylation reactions catalysed by cytochrome P-450-containing monooxygenase enzymes and follow with conjugation to water soluble molecules for excretion purposes. Systematic study of all congeners has not been possible due to the many differences between congeners, between species and even between individuals. For the PCB, however, the major metabolites are phenolic products with hydroxylation favoured in the para-position [5] and it is important to note that many of these resulting metabolites can be more potent in their toxicity than the parent compound [5] .
Specific molecular actions of contaminants
Much progress has been made in recent years in understanding some of the molecular actions of organochlorine chemicals. Many of their actions have been shown to involve interaction with cellular receptor proteins revealing, therefore, new pathways of toxicity. Furthermore, since compounds can work at much lower concentrations through receptor-mediated than non-receptormediated pathways, this has brought into question the applicability of current risk assessment methods for these compounds.
Alterations to DNA
Several of the organochlorine chemicals have been shown to exert genotoxic effects causing DNA damage in vivo [31] as well as in vitro [32, 33] . A main mechanism of their toxicity could therefore arise from mutational events. However, more subtle epigenetic alterations could also occur, including alterations to patterns of DNA methylation. DNA methylation plays an important role in regulation of eukaryotic gene expression [34] and alterations to methylation patterns can be associated with many disease processes including cancer [35] . It has been shown recently that gene-specific promoter methylation can be modulated by carcinogen exposure [36] and that abnormal demethylation of genes can result from neonatal exposure to I998 diethylstilboestrol [37] . It will be important to determine whether the contaminants carried in milk could also act by this method.
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Induction of cytochrome P-450 monooxygenases
At a molecular level, many organochlorine contaminants have been shown to exert biological actions through the aryl hydrocarbon receptor (AhR) [38] . The AhR is a ligand-activated transcription factor that is activated upon binding of the organochlorine molecule. The activated receptor-ligand complex interacts with another intracellular protein, the AhR nuclear translocator protein and this protein dimer binds to specific nucleotide sequences (DRE) of DNA in the vicinity of regulated genes. Target genes include those coding for the cytochrome P-450-containing enzymes which can then act to metabolize the organochlorine compounds. This self-regulation of metabolism by organochlorine compounds has important consequences: since some organochlorine compounds are better induces of AhR than others, this provides scope within a soup of xenobiotics for individual congeners to interact or even to act synergistically. Such interaction could occur if certain congeners act as strong inducers of the cytochrome P-450 monooxygenase enzymes while other congeners are less strong AhR inducers but depend for their action on metabolic conversion to physiologically active forms.
Environmental endocrine disrupters
Recent evidence suggests that many of these organochlorine xenobiotics possess the ability to mimic the actions of steroid hormones in the body and thus can act to disrupt vertebrate endocrine systems. Major concern has centred around chemicals that can mimic oestrogen action, termed 'environmental oestrogens', since they have the potential to interfere with many normal oestrogen-regulated physiological processes resulting in alterations to reproduction and susceptibility to cancer [39] . However, much work remains to be done to assess the overall oestrogen-mimicking actions of such a soup of chemicals to which an infant would be exposed in milk. Most work to date has centred around measuring total levels of each genre of chemicals in milk and relating them to industrial mixtures. However, bioaccumulation may result in different proportions of congeners stored in the fatty tissues of animals than those found in the original commercial mixtures; minor components of commercial mixtures can become major components of the pollutants secreted in milk [S] . Furthermore, it may not be the congeners found most abundantly in commercial mixtures which pose the greatest physiological threat.
Our recent work has focused on oestrogenic actions of individual PCB congeners. Several studies attest to the ability of PCBs and their hydroxylated metabolites to bind to the oestrogen receptor [40] . We chose to work with the congeners 3,4,3',4'-tetrachlorobiphenyl (PCB77) because it has a high toxic potency, is one of the four most potent PCB inducers of AhR-mediated expression of aryl hydrocarbon hydroxylase, is considered to be among the top 17 PCBs in terms of abundance in human tissues [5] and can accumulate in human milk [lo] . This compound was shown not only to be able to bind weakly to the oestrogen receptor but also to be able to produce oestrogenic responses in cells in culture and in mice in vivo [41] . Assays Figure 1 shows the effect of three tetrachlorobiphenyl congeners on growth of oestrogen-dependent breast cancer cells in tissue culture. Previous data suggested that some degree of ortho substitution is required for oestrogen-like actions [40] but in these studies, the ortho substituted compound [2,5,2',5'-tetrachlorobiphenyl(TCB)] had the weakest effect on cell growth. It was the compound with adjacent meta-para substitution (3,4,3',4'-TCB) that showed the strongest effects on cell growth and did so at concentrations of lOP9M (292 ng/l) which is not incompatible with levels of this congener found in human milk (600 ng/kg milk [lo]) or human tissues (94-860 ng/kg wet weight adipose tissue [5] [47] indicates that these xenobiotics may interfere at several levels of hormone signalling pathways.
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Conclusions
At this point in time, it is right that we should be concerned about such an array of organochlorine pollutants in milk, particularly in terms of potential role in development of physiological abnormalities and clinical disease in the infant. As was said by Alice in the novel Alice in Wonderland by Lewis Carroll, 'if you drink much from a bottle marked "poison", it is almost certain to disagree with you, sooner or later'. The main problem is that poison is a relative term since anything can be a poison if taken in the wrong dose. The challenge for the future will be to keep these organochlorine levels low, within the framework of our current cultural environment, and to determine safe limits for compounds which are now challenging risk assessment methods because of their receptor-mediated mechanisms of action. 
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